Arterial stiffness is an important cardiovascular risk marker, which can be measured noninvasively with different techniques. To validate such techniques in healthy subjects, we compared the recently introduced oscillometric Arteriograph (AG) technique with the tonometric SphygmoCor (SC) method and their associations with carotid ultrasound measures and traditional risk indicators. Sixty-three healthy subjects aged 20-69 (mean 48 ± 15) years were included. We measured aortic pulse wave velocity (PWV ao ) and augmentation index (AIx) by AG and SC, and with SC also the PWV ao standardized to 80% of the direct distance between carotid and femoral sites (St-PWV ao SC). The carotid strain, stiffness index and intima-media thickness (cIMT mean ) were evaluated by ultrasound. PWV ao AG (8.00 ± 2.16 m s À1 ) was higher (Po0.001) than PWV ao SC (6.87±1.47 m s À1 ), but did not differ from St-PWV ao SC (7.68±1.58 m s À1 ), and correlated (Po0.001) with both (r ¼ 0.54 and 0.59). St-PWV ao SC was significantly (Po0.01) higher than PWV ao AG for values below median (7.4 m s À1 ). PWV ao by SC and AG differed significantly in females (Po0.001), but not in males (P ¼ 0.40). AIx ao AG (27.5 ± 14.5%) was higher (Po0.001) than AIx ao SC (20.5 ± 17.4%), but related closely (r ¼ 0.97, Po0.001). St-PWV ao SC, PWV ao and AIx ao by SC, and PWV ao and AIx ao by AG were all related to serum cholesterol and to cIMT mean (Po0.001). Arterial stiffness indices by AG and SC correlate with vascular risk markers in healthy subjects. AIx ao results by AG and SC are closely interrelated, but higher values are obtained by AG. In the lower range, PWV ao values by AG and SC are similar, but differ for higher values. Our results imply the necessity to apply one and the same technique for repeated studies.
INTRODUCTION
Cardiovascular (CV) risk stratification and detection of early vascular aging are becoming more important in everyday clinical practice, and noninvasive techniques to measure arterial stiffness are warranted. Arterial stiffness, an important marker of CV risk, is an independent predictor of all-cause CV morbidity and mortality. 1 Arterial stiffness, measured as aortic pulse wave velocity (PWV ao ) and augmentation index (AIx), is an independent risk predictor in coronary artery disease 2, 3 and hypertension, 4 and it is present in the general population. 5, 6 PWV ao is also associated with all-cause and CV mortality in hypertensive patients, 1 as well as CV mortality in the general population. 5 The pulse augmentation is explained as the pressure differences between the forward traveling pulse wave, which is generated by the left ventricular systolic ejection and the returning pulse wave reflected from peripheral arteries. Increased arterial stiffness causes an earlier reflected pulse wave in the central aorta. 7 Changes in the wave reflection properties are associated with aging, vascular disease and an increase in left ventricular afterload. 7 PWV ao , measured between the carotid and the femoral artery, is considered as the 'gold-standard' noninvasive measurement of arterial stiffness, according to current expert consensus. 8 Two techniques suitable for clinical practice are available for measuring PWV ao . First, a tonometric technique used by SphygmoCor (SC) (AtCor Medical, Sydney, NSW, Australia) determines AIx from the pulse wave of the radial artery and PWV ao from pulse wave recordings from two sites, namely carotid and femoral artery. Second, the oscillometric method used by the Arteriograph (AG) (TensioMed, Budapest, Hungary) allows simultaneous recordings of AIx and PWV ao during cuff occlusion of the brachial artery.
Increased intima-media thickness in the carotid artery (cIMT) is associated with an increased risk of myocardial infarction and stroke in older adults, 9 and is related to aortic stiffness in subjects with and without type 2 diabetes. [10] [11] [12] SC and AG techniques have been compared, mostly for single variables, in patients with CV diseases, [13] [14] [15] [16] but not in healthy individuals. Thus, we determined the associations between these measures by both techniques and cIMT and carotid wall elasticity by ultrasound in healthy subjects.
METHODS Subjects
Sixty-three healthy non-smoking subjects (21 men and 42 women) between 20 and 69 years of age, without known hypertension, diabetes mellitus or renal disease, and no medication affecting the CV system, were included. The subjects were selected from the population registry of the city of Stockholm and from advertising. All subjects were studied after at least 4 h of fasting and with no caffeine intake from midnight the night before examination.
The common carotid artery (CCA) was examined after a 30-min period of rest in supine position in a quiet room. Thereafter, pulse wave recordings were acquired by SC followed by AG investigation. The same sequence of investigations was kept for all study subjects, as the SC investigation involves minimal influence on the arm arteries, whereas the AG investigation involves periods of suprasystolic pressure.
All measurements were performed by the same investigator. Each participant provided written consent to participate in the study, which was approved by the Regional Ethics Review Board of Stockholm, Sweden.
Arteriograph
The AG is based on an oscillometric method using the occlusion technique. Patient data and the measured distance between the jugulum and the symphysis were registered in the AG programmed computer (TensioMed Software v.1.9.9.2; TensioMed, Budapest, Hungary). A tape measure was used for measuring the jugulum and the symphysis distance, namely the aortic distance. The cuff was placed on the patient's upper arm and connected to the device. Pressure variations in the cuff influenced a pressure receptor and the signal was transferred via an infrared port to the computer. The blood pressure (BP) in the upper arm was measured at an initial cuff inflation, and at a second inflation at 35 mm Hg above the systolic BP: the pressure pulse configuration was recorded. The algorithm measuring BP in the AG device has been validated. 17 The basis of the technique is the generation of two systolic peaks. First, there is an early systolic pressure peak (P1) created by the ejection of the blood volume from the left ventricle into the aorta. The pressure wave is transmitted to the lower part of the body and the reflected wave from the periphery (average assumed around the aortic bifurcation) generates the late systolic peak (P2). Pulse pressure (PP) is the difference in systolic and diastolic BP (in mm Hg). Both aortic AIx (AIx ao ) and brachial AIx (AIx br ) is calculated as 100 Â (P2 ÀP1)/PP. The return time (RT) is the difference (in ms) between the first (P1) and reflected systolic wave (P2) and is related to the stiffness of the aorta. PWV ao was calculated as the jugulum and the symphysis distance (m) divided by return time (RT/2) (s). The PWV ao and AIx ao are presented as mean values from two recordings. For PWV ao two recordings with the lowest standard deviation (s.d.) were chosen. The s.d. was calculated from every heartbeat during a period of 8 s. In eight subjects (five females and three males) repeatability tests for PWV ao and AIx were performed by the same operator on the same day, with a period of 30 min between the two measurements.
The algorithm for estimation of central systolic BP (cSBP) has been derived from the relationship between invasively measured cSBP and SBP in the brachial artery, and cSBP estimated by AG correlates well with invasively measured cSBP. 18 
SphygmoCor
AIx and PWV ao were measured using SC equipment connected to a computer with SphygmoCor 2000 software (version 7.01; AtCor Medical). The pulse tracings for AIx ao SC and PWV ao SC calculations were registered with a single high-fidelity tonometer gently pressed to the artery (SPT-301B; Millar Instruments, Houston, TX, USA). The arterial pulse waves were processed by the system software, and the corresponding aortic pressure waveform was generated from the radial artery waveform using a validated transfer factor. 19, 20 The AIx ao SC was defined as the difference between the first (P1) and the second (P2) peaks of the central aortic waveform, expressed as a percentage of pulse pressure, whereas AIx rd SC was defined as (P2 Àdiastolic BP (DBP))/ (P1 ÀDBP). The transfer time (TT) between pulse arrival at the left CCA and the right femoral artery, calculated by means of the electrocardiogram R-wave as a reference, was used to determine PWV ao SC.
A measuring tape established the corresponding distance that the pulse traveled. The jugulum-femoral length was obtained as the jugulum-to-umbilicus plus umbilicus-to-right femoral artery distances. The carotid-jugulum distance is needed to be subtracted from the jugulum-femoral distance because of a compensation for the parallel transmission along the brachiocephalic, carotid arteries and around the aortic arch. 21 The corrected distance was used for calculating the PWV ao . Consequently, the length for pulse travel was calculated as jugulum-to-femoral minus jugulum-to-carotid distances (L subtracted ), and PWV ao SC ¼ L subtracted /TT (m s À1 ). We standardized the subtracted path lengths to direct path lengths. 22 To achieve this, we applied the following formula to obtain the direct distance (L direct ): 23 Further, as L direct leads to an overestimation of the real PWV ao , a scaling factor was used to convert PWV ao to 'real' or 'standardized (St)' PWV ao , where St- 24, 25 The PWV ao and aortic AIx are presented as mean values from two recordings. The PWV ao recordings were chosen from the waveforms with the lowest s.d., and AIx from the waveforms within the limits of the current quality control settings and a quality index above 0.85. The brachial BP was measured in connection with the examination and is presented as a mean value of two measurements. The radial pulse and transferred aortic blood pulse were calibrated against the brachial SBP and DBP by using an automatic monitor (Omron M7; Omron Healthcare, Kyoto, Japan).
The cSBP was estimated from a transfer function in the SphygmoCor software system. 19, 20 Repeatability for PWV ao SC and AIx ao SC was evaluated in eight subjects (five females and three males) by the same operator, with a period of 30 min between the two measurements.
Ultrasound in the CCA
Two-dimensional images of the right CCA were acquired by GE Vivid 7 using 12L and 7L transducers (GE Vingmed Ultrasound AS, Horten, Norway). The two-dimensional recordings of intima-media thickness of the CCA (cIMT) and M-mode registrations were evaluated 1-1.5 cm proximal to the carotid bulb. At least three diastolic images at the time of the electrocardiogram R-wave were stored digitally on magnet optics discs and Image Vault 5.0 system (GE Vingmed Ultrasound AS) and analyzed using EchoPAC PC version BT 11 (GE Vingmed Ultrasound AS). This validated carotid analyses program identified the boarders of the cIMT automatically. 26 A 10 mm long segment was selected in the CCA just proximal to the carotid bulb, and a region of interest was manually placed for detection of cIMT of the far wall. The cIMT was defined as the distance from the leading edge of the lumen-intima interface to the leading edge of the media-adventitia of the far wall. 27 The mean and maximal values of three cIMT images from the right CCA are reported. The end-diastolic and end-systolic lumen diameters of CCA were measured from the M-mode registration at the Rand T-waves of the concomitant electrocardiogram. The mean values of three lumen diameter measurements were used. The images were analyzed in random order by the same investigator at the end of the study. The cstrain was calculated as the difference between the systolic and diastolic lumen diameter, divided by the diastolic lumen diameter. The stiffness index in CCA (b CCA ) was calculated by the formula: b CCA ¼ ln (P systolic /P diastolic )/strain. The brachial BP was measured in connection with the M-mode registration, with the cuff placed on the arm with the highest BP.
Systemic vascular resistance and BP
Systemic vascular resistance (SVR) (mm Hg Â min l À1 ) was calculated as mean arterial BP (mm Hg) divided by cardiac output (l min À1 ). Arterial BP was measured in both arms, after 30 min of supine rest, using a digital automatic BP monitor (M7; Omron Healthcare). The mean values of SBP and DBP in both arms were calculated. The arm with the highest BP was used to measure the BP in connection with the ultrasound registrations of CCA. Mean arterial BP was calculated as DBP þ 1/3 Â (SBP ÀDBP).
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To calculate stroke volume and cardiac output, the transthoracic Doppler echocardiography was performed in all subjects using Vivid 7 ultrasound equipment (General Electric Company, Horten, Norway). The left ventricular outflow tract diameter was measured in systole from the parasternal long axis view, and the velocity time integral was measured from a pulsed Doppler blood flow recording in left ventricular outflow tract from the apical view. The stroke volume was calculated according to the formula: stroke volume ¼ p Â (left ventricular outflow tract diameter/2) 2 Â left ventricular outflow tract velocity time integral, and cardiac output was obtained by multiplying stroke volume by heart rate. The heart rate was measured during the echocardiography examination and the BP was measured at the end of the examination.
Biochemical analyses
Plasma concentrations of high-sensitivity C-reactive protein, serum concentration of total cholesterol and triglycerides were estimated using Synchron LX 20 system (Beckman Coulter, Brea, CA, USA).
Statistics
Statistical analyses were performed with Statistica (version 9.0; Statsoft, Tulsa, OK, USA). All data are expressed as mean ± s.d. The tests were carried out two-tailed and Po0.05 was considered to be statistically significant. Spearman's rank correlation coefficients, r, were computed to assess relationships between variables. Mann-Whitney U-test for unpaired data was used for comparison between genders. Results from the multiple regression analyses were presented as standardized b and adjusted R 2 . Wilcoxon's signed rank-sum test was used to test differences between the two devices. Bland-Altman test was used to evaluate the variability between the two techniques. 28 The coefficient of variation (CV%), defined as the s.d. of the absolute differences between measurements, divided by the mean of two measurements was used to evaluate variability.
RESULTS
Clinical and biochemical parameters of the healthy study group, by gender, are shown in Table 1 . The mean age of the study group was 48.0 ± 14.9 years (range 20-69 years, male 41 ± 15 years vs. female 51 ± 14 years, Po0.01). The weight, height and SBP were higher in males compared with females. There were no significant differences in plasma high-sensitivity C-reactive protein, serum triglycerides or serum cholesterol between males and females.
Pulse wave velocity For calculation of PWV, the surface distance and the traveled time or RT were measured. The surface distance determined for AG/SC correlated (all Po0.001) to age ( À0.57/ À0. PWV ao AG (8.00 ± 2.16 m s À1 , range 5.22-13.89) did not differ from St-PWV ao SC (7.68 ± 1.58 m s À1 , range 5.18-13.34), but was significantly higher than PWV ao SC (6.87±1.47 m s À1 , range 4.50-12.30, Po0.001) ( Table 2 ). The Bland-Altman plots in Figure 2 illustrate the agreement for PWV ao AG with PWV ao SC and St-PWV ao SC, respectively. St-PWV ao SC (6.78 ± 0.83 m s À1 ) was found to be higher (P ¼ 0.008) than PWV ao AG (6.37±0.54 m s À1 ) for values below the median of AG and SC average (7.4 m s À1 ). Above median, differences were more scattered and PWV ao AG (9.62±1.94 m s À1 ) did not differ significantly from St-PWV ao SC (8.58 ± 1.66 m s À1 ). PWV ao by SC and AG differed significantly (Po0.001) in females, but not in males (P ¼ 0.40) (Figure 3) .
The CV % for PWV ao between two registrations within one session were 9.3% (n ¼ 59) for PWV ao AG and 9.6% (n ¼ 51) for PWV ao SC. The CV % for PWV ao between two registrations 30 min apart (n ¼ 8) were 6.8% for PWV ao SC and 5.9% for PWV ao AG; the Bland-Altman plot of the reproducibility of these measurements is shown in Figure 4 . The PWV ao of both techniques correlated with each other and to carotid strain, stiffness index and intima-media thickness (cstrain, b CCA , cIMT mean , cIMT max ), age, BP and serum cholesterol, but only PWV ao by AG to gender, height and weight (Table 3 ). The distributions of PWV ao SC and St-PWV ao SC according to age in healthy subjects are shown in Table 4 .
Stepwise multiple regression analyses were performed with PWV ao as dependent variable and age, gender, SBP, height and weight as independent variables. For PWV ao AG 38% of the variation was explained by age (b 0.63, Po0.001), for PWV ao SC 48% by age (b 0.44, Po0.001) and SBP (b 0.40, Po0.001), and finally for St-PWV ao SC 52% was explained by age (b 0.48, Po0.001) and SBP (b 0.38, Po0.001) ( Table 5) .
Augmentation index
AIx ao by AG and SC were closely correlated, but AG showed significantly higher values (27.5±14.5 vs. 20.5±17.4%, Po0.001) (Tables 2 and 3) . A Bland-Altman plot illustrates AIx ao agreement between AG and SC in Figure 2 . Higher AIx ao values (Po0.001) were found for AG (14.7 ± 7.0%), compared with SC (5.3 ± 11.0%) below the median of AG and SC average, 27.6%, and also above the median, AG (39.8 ± 7.2%), and SC (35.2 ± 6.1%).
The CV % for AIx ao between two registrations within one session were 11.2% (n ¼ 57) for AG and 14.8% (n ¼ 59) for SC. Table 3 . Only AIx ao measured by SC correlated with plasma high-sensitivity C-reactive protein (Table 3) .
Stepwise regression analyses were performed with AIx ao as dependent variable and age, gender, SBP, height and weight as independent variables. For AIx ao measured by AG 79% of the variation was explained by age (b 0.72, Po0.001), gender (b 0.25 Po0.001) and SBP (b 0.15 Po0.05), and for AIx ao measured by SC 80% was explained by age (b 0.85, Po0.001) and gender (b 0.13, Po0.05) ( Table 5 ). Vascular function by pulse tracings M Ring et al PWV reflect changes in arterial stiffness, where AIx is considered to be a parameter of wave reflection and reflection site, and PWV provides information about the stiffness of the examined arterial segment. 8 High correlations in AIx and PWV ao measured by AG and SC have been reported in patients with hypertension or other CV diseases. [13] [14] [15] [16] In our study, we found that the healthy subjects had excellent correlations between AIx ao measured by the two devices; and for PWV ao there were significant, although not as high, correlations. Bland-Altman illustration of PWV ao measurements shows in the lower range little difference between methods, whereas in the upper range there is a scatter. Similar discrepancies for higher PWV ao can be noted in publications involving patients with CV disease, although the phenomenon has not been emphasized. 13, 14, 29 Interestingly, in our study the large scatter for PWV 47-8 m s À1 was mainly shown among females (Bland-Altman plot; Figure 3a ). If discrepancies depend on different ways of calculating the TT for the two techniques, it should affect men and women equally. Measures of the surface distance may be a more plausible explanation for a gender discrepancy. In females with large discrepancies in PWV, the RT/TT was mostly lower in AG in comparison with SC. Although mean TT by SC and RT by AG did not differ for the whole group (Figure 1a) , the range for RT by AG was wider. It has been shown that the AG has less variation with repeated measures than Complior and SC, and also that it has particular limitations such as sensitivity for position of the cuff. 13 The measurement of aortic length is also an important factor (see detailed discussion below). However, we have closely followed recommendations for measurements, 30 including avoiding influence of body contour on estimated aortic length. PWV is increasing with age as a consequence of increased aortic stiffness.
BP and SVR
With aging the aorta is to a variable degree increasing in length, and underestimation of aortic length could have an opposite effect on PWV estimates, not possible to take into account without using imaging techniques. However, most of the aortic lengthening involves the ascending aorta, which is not included in the arterial length measurement. 24 with the formula of directly measured distance CA-FA, 22 we found no significant differences between SC and AG for the whole group as the use of St-PWV ao SC increases SC values. However, St-PWV ao SC values in the lower range (below the median of AG and SC, 7.4 m s À1 ) were higher than AG values, whereas PWV ao SC and PWV ao AG corresponded well at this level. Thus, although application of the standardized PWV ao SC may make average PWV ao values of SC and AG for a whole group of subjects more similar, it does not on an individual basis correct for the discrepancies between the two methods in the upper range, and less comparable in the lower range.
In the Bland-Altman plot for AIx ao lower values for SC concerning the mean of difference were noted overall, but particularly in the lower range, in accordance with previously reported findings. 16 
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The AIx is a measure of composite vascular function, including not only static properties such as distensibility but also dynamic ones such as endothelial function and the peripheral resistance. 31, 32 Both AG and SC have recently been validated invasively. Horváth et al. 18 validated AG, measuring AIx, PWV ao and the cSBP, and found strong correlations between the invasively measured aortic AIx and brachial AIx obtained noninvasively by AG.
In the present study, cSBP estimated by SC was lower in comparison with cSBP by AG, which is consistent with earlier results. 16 This may be explained by a difference in the assessment of cSBP by the two devices. SC calibrates the radial pulse wave by the brachial BP, whereas AG calibrates the brachial pulse wave with brachial BP. Furthermore, the cSBP SC is estimated by an intrinsic transfer function in the SC software. 19, 20 The AG system calculates cSBP by an algorithm based on the empiric correlation between the late systolic shoulder point of the systolic augmentation in the brachial pulse wave 32, 33 and cSBP derived from invasive studies. 18, 16 By using an alternative formula for SC to calculate mean arterial pressure (DBP þ 0.4 Â PP), with a constant of 0.4 instead of 0.33, may reduce the differences between SC and AG. 33, 16 The observed discrepancies of the PWV ao values between AG and SC could possibly be explained by the software algorithms for calculation of the RT (AG) and TT (SC), and/or the differences in measuring the surface distance. A shorter surface distance was measured for the SC method than with AG. However, the traveled times RT/2 (for AG) and TT (for SC) showed no significant differences, as reported previously. 14 Different surface measurements of assumed pulse propagation distance result in substantial variations in PWV values, between 8.3 and 12 m s À1 , supporting the need to standardize the technique for measurement of carotid-femoral PWV. 34 Expert consensus from 2012 35 requests a standardization of the measurement technique on the traveled distance, and recommends a formula 36 using 80% of the tape measured distance between CA and FA sites. AG measurements correlate with invasive values for PWV ao and cSBP. 18 For both invasive and noninvasive measurements, the surface distance was measured as jugulumsymphysis. Weber et al. 25 studied 135 patients, and compared PWV ao invasively and noninvasively with SC. They found the method of estimating the travel distance on body surface critical. The best agreement between invasively measured PWV ao and noninvasive PWV ao SC was obtained when subtracting carotidsuprasternal notch distance from suprasternal notch-femoral distance. Traveled distance measurements are of importance and have been studied noninvasively by Huybrechts et al. 36 They standardized and validated the methodology for traveled distance measurements in 98 healthy adults between 20 and 79 years. The reference distance was compared with 11 estimates of aortic path length from body surface distance, commonly used in PWV measurements. They found that tape measured distance between the CCA and the common femoral artery from (CA-FA) multiplied by 0.8 corresponds best to the real traveled aortic path length (traveled distance) reconstructed from magnetic resonance imaging. An age-associated elongation of the aortic path length was observed in their population. Different theories about the true reflection site have been advocated. In a model, Westerhof et al. 37 showed that the forward and backward waves in the distal aorta are not in phase and concluded that PWV cannot be calculated from time of return of the reflected wave. The major reflection sites may be located at arterial junctions and arteriolar terminations. The distance to a reflecting site, therefore, seems to depend on the vascular distribution of reflection sites rather than a single anatomic site. 38, 39 The major average reflection site does not change with age until 65 years of age, whereas after 65 years of age such change is more pronounced in men than in women. 40 A combination of arterial waveform analyses and three-dimensional magnetic resonance imaging, in most cases (70%), indicates that the major effective arterial pressure reflection sites are located between the aortic bifurcation and femoral artery measurements site. 40 Atherosclerosis is a widespread disease, affecting not only one target organ or territory but also to some degree the whole vascular tree. The carotid artery is a universally accepted denominator and risk indicator for an individual's propensity to suffer from future CV events. Specifically, carotid artery IMT, as well as carotid artery distensibility and stiffness, are widely used as parameters of functional and structural vascular damage, and they are good indicators of CV risk. 8, 41 Despite a lack of clinically overt CV disease, subjects without any clinical manifestations may also have diversity in vascular engagement, as the atherosclerotic process starts at a very early age. [42] [43] [44] In our study of healthy subjects, we found significant correlations between AIx ao and PWV ao measured with both devices and locally measured carotid stiffness, cIMT mean , cIMT max , cstrain and b CCA . We also found that high serum cholesterol, an important risk factor of atherosclerosis, was related to cIMT, cstrain, b CCA , age and to AIx ao and PWV ao with both methods. Importantly, we found essentially similar correlations for AG and SC to the carotid estimations of arterial aging. Similar associations between cIMT and PWV ao have been reported. Koivistoinen et al. 45 reported that PWV is directly and independently correlated with carotid IMT in older individuals; however, no associations between PWV and IMT in young adults were shown. Oren et al. 46 suggest that in healthy young adults PWV and carotid IMT reflect two separate entities of subclinical vascular damage. 46 Further, a positive correlation between cIMT and PWV and AIx has been shown in subjects with and without type 2 diabetes. 12 The PWV ao or carotid-femoral PWV is considered as the 'gold standard' for arterial stiffness assessment, 8 and 12 m s À1 was earlier proposed to be the cutoff point indicating an increased risk for CV events. However, a new consensus recommendation now proposes 10 m s À1 as a new standard cutoff point for carotid-femoral PWV, 35 due to the recommended formula to measure traveled distance.
Reference values for arterial stiffness were recently presented, based on data from 13 different centers in Europe. 22 These investigators used the formula of directly measured distance CA-FA multiplied by 0.8 to calculate PWV ao , and reported reference values for PWV ao according to age and BP. The distribution of St-PWV ao SC and PWV ao AG in our study (Table 4) showed similar age-adjusted values as the European reference study of normal subjects. 22 In our study, the average value of PWV obtained by AG was somewhat more comparable to St-PWV ao SC than to PWV ao SC for the whole group of participants. However, the application of the standardization formula caused a discrepancy in the lower range by increasing values of SC, whereas it did not correct the scatter of values in the upper range.
Strengths and limitations
An important strength of our study is the wide age range of 20-69 years of the healthy subjects investigated. The lack of comparison with invasive methods is a limitation. Further, the number of subjects is relatively small, although usually sufficient for comparison of two techniques. Different relations between the techniques might be obtained in atherosclerotic or hypertensive patients. In patients expressing CV pathology, a larger spread of values can be expected, with a greater chance of finding significant relationships between methods compared with detecting such in normal subjects. However, by investigating subjects without known CV disease, we could demonstrate the degree of relationships not depending on overt disease, which is a strength as it has not been studied in detail. Interestingly, similar differences between the techniques in the upper range of PWV can be found in study populations with CV disease. 14, 15 CONCLUSION Arterial stiffness by SC and AG correlates with serum cholesterol, as well as with cIMT, cstrain and b CCA verifying the validity of pulse tracings as risk estimates, even in a healthy population without known CV disease. AIx ao results by AG and SC are closely interrelated, but higher values are obtained by AG. In the lower range, PWV ao values by AG and SC are similar, but differ for higher values. Our results imply the necessity to apply the same technique for follow-up of patients in clinical settings or scientific studies. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License. The images or other third party material in this article are included in the article's Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/
